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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a heat shrinkable 
5 polyester film, and particularly -to a heat shrinkable 
polyester film suitable for use_ in_ a label. k More 
particularly, the present invention relates to a heat 
shrinkable polyester film for use in a multi-packaging label 
for packaging, inter alia/ a stack of cans, which has a good 

10 shock resistance during shipping, especially under low 
temperatures, with a good finish after shrinkage and a 
sufficient solvent adhesiveness (i.e. , an adhesive property 
of the film provided by application of a solvent thereon) . 
The present invention further relates to a heat shrinkable 

15 polyester film for use in a cap sealing label for a bottle 
" container (e.g. ,~"a milk~bottle) , in which a~ bonded portion 
(backlining portion) of the label (i.e., a portion of a 
tubular label where two opposite edges of the material film 
sheet are bonded together) has a high adhesive retention 

20 after shrinkage and which has very little creasage, 
shrinkage non-uniformity, distortion, or jumping occurring 
from a shrinkage process, 

2. DESCRIPTION OF THE RELATED ART: 

25 Heat ©hrinkable-f ilms made of polyvinyl chloride, 

polystyrene, or the like, have been widely used in the field 
of multi-packaging films for use in packaging a stack of 
cans . In recent years , heat shrinkable polyester films have 
been attracting public attention as more problems have been 

30 found to exist with the former materials . That is , polyvinyl 
{ chloride products generate a chlorine gas when incinerated, 
and it is difficult to print on polystyrene products. 
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However, when a stack of articles is shrink-packaged 
with a label of a conventional heat shrinkable polyester 
film, a flaw is likely to occur due to, for example, a shock 
applied when the article stack hits another article stack 
5 during shipping or a friction between the article stack and 
the outer packaging box therearound. Moreover, because 
such a conventional film is drawn in one direction In the 
production process, the film is likely to be torn for a 
substantial length along its main shrinkage direction, in 
10 which case the film can no longer hold articles therein, 
thereby detracting from the commercial value of the articles . 
Even a state-of-the-art multi-packaging polyvinyl chloride 
film, which is supposed to be flexible and tear-resistant/ 
may be torn especially under low temperatures. 

15 

One possible way to prevent such tearing along a 
particular direction is to orient a film along a direction 
perpendicular to its main shrinkage direction as well as 
the main shrinkage direotion. However, when the film is 

20 oriented along these two directions with a poor balariae 
between the directions, the film may be shrunk with a poor 
balance between the directions, thereby resulting in a poor 
finish after shrinkage. Moreover, when a tube is produced 
from the film by using an environmentally preferred 

25 chlorine-free solvent, a sufficient solvent adhesiveness 
cannot be obtained. 

In recent years, a container (e.g., a bottle) for 
beverage, food. etc. , is provided with a so-called "cap seal" 
30 wrapped around the cap or lid of the container* The cap seal 
is provided not only for decorative purposes but also for 
purposes of preventing someone from mixing poison into the 
contained product* A heat shrinkable film of polyvinyl 
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chloride, polystyrene , or" t&e" "riJceTTHas been widely used 
in a oap sealing label, as In a general purpose label. 
However, as already noted above, more problems have been 
found to exist with these materials (polyvinyl chloride 

— 5 product s-gener at e-a-Ghlor-lne -gas— when— Incinerated-,— and- -it 

is difficult to print on polystyrene products) Moreover, 

i __ d _ 3e - ro __ e _j f ectively~re~cycle-pET bott-les , it is-necessary 

to collect non-PET labels, made of polyvinyl chloride, 
polystyrene, etc., separately from PET labels. Thus, there 
10 is a need for cap sealing labels made of these 
environmentally preferred polyester heat shrinkable films. 

A cap seal may be produced as follows. First, a 
sheet of heat shrinkable film having a predetermined size 
15 is rolled into a tubular shape with two of its opposite edges 

borTdedt ogether^ — Therrrthe~t ubular f ilm ts-cutrint ©"smaller 

-tubular label -pieces — — 

There are two ways as follows that are typically 

20 employed in-cap-sealing processes . One way is to directly 

place a label produced as described above around the 
container and shrink the label onto the container. The other 
way is to first shrink the label onto a metal mold to provide 
a "preform" product, and then further shrink the label onto 
~25 the containers — In-eit hercase~when the-iabel-is heat - shrunk , 
the bonded ~ portion (backlining portion) of the label 
desirably stays bonded together. If the bonded portion 
falls apart, theproductivitydecreases substantially. 

30 Moreover, the shape characteristics of the label 

after it is heat-shrunk are also important. It is 
undesirable that the label does not shrink enough, or the 
shrunk label has creasage, shrinkage non -uniformity. 
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< aiet _°_ r l 1 °n ( or Jumpllng. — Rartlcularly-when the-label-is used 
for a food container, it is in many cases undesirable for 
the label to get moist. Therefore, in such a case, the heat 
shrinkage process is typically done using hot air instead 

5 of steam. When using hot air, however, the heat efficiency 

is lower than that when using steam, whereby it is likely 
-that the fil m does~not shrink en ough, or the_shrunk^label 
has creasage, shrinkage non-uniformity, distortion. 

- 10 When the heatshrinkable film is used as a cap sealing 

label with nothing printed thereon, in many cases, the film 
is also required to have transparency. 

SUMMARY OF THE INVENTION 

15 

According to one aspect of this .invention-, a heat 

shrinkable polyester film has a transverse tear defect 
percentage of about 20% or less as determined in the 
_ -f ollowing-vibration-test-i-t-he-f i-lm-ie rolled into a tubular 

— 20 - — shape , -two of it s opposi te-edges-bonded~to" g eth 'ef 7 "and then 
the tubular film is placed around a vertical stack (total 
welghtt 660 g) of .three food container cans each having a 
diameter of 72 mm and a height of 55 mm; the can "stack with 
the tubular film placed therearound is passed through a 
25 shrink tunnel to shrink the tubular film onto t he can stank; 

a total of 18 packs of such can stacks are placed into a 
cardboard box having a length of 455 mm, a width of 230 mm 
and a height of 16 5 mm (6 packs in the length direction by 
3 packs in the width direction) , and the cardboard box is 
30 sealed? the cardboard box is vibrated along the width 
' direction for 30 min by a stroke of 50 mm and at a vibration 
rate of 180 reciprocations/min, after which the transverse 
tearage of the tubular film is visually observed; and the 
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t-ransver-se-t-ear- def ec-t— percentage- ■(-%-) -is determined based 

on the number of defective packs per IB packs, wherein the 
defective pack is any pack having a tear flaw of 30 mm or 
longer along a can periphery, 

__5 . 

In one embodiment of the invention, the film has a 

. — longitudinal — refractive- — i-ndex-Nx-^-and — a transverse 

refractive index Ny which satisfy the following expres- 
sions (1) and (2)s 
10 1.561<Nx<1.566 (1); and 

0.040<Ny-Nx<0.070 (2), 

In one embodiment of the invention, the film has a 
shrinkage of about 50% or more along its main shrinkage 
15 direction when the film is put in hot water of 95' C for 10 
sec. 



In one embodiment of the invention, the film has a 
shrinkage of about 10% to about 25% along a direction 
iLO __p^p^r^i^ljar_tp„i^ the film 

is put in hot water of 95* C for 10 sec. 

In one embodiment of the invention, the film has a 
solvent adhesiveness with 1 , 3-dloxolane. 

25 ; r 

In one embodiment of the invention, the film can be 
used as a multi-packaging film. 

According to another aspect of this invention, a 
30 heat shrinkable polyester film is provided, wherein: the 
film has a shrinkage of about 10% to about 40% along its 
main shrinkage direction when the film is put in hot water 
of 70 e C for 5 sec; the film has a shrinkage of about 50% 
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or-more- aiong~lt s-maln— 8hr±nkage-d±rect ion- when- the- film 

is put in hot water-of 95° C f or 5 sec ;-the f iltn has-a-shrinkage 
of about 10% or lees along a direction perpendicular to its 
main shrinkage direot ion when the film is put in hot water 

5 — of 9 5" C-f or-5-sec ;~ahd-when~t-he-f-ilmH is-f ormed-i-ntd-a-label- 
Jiaving a bonded porti on, the bonded portion of the label 

has an adhes ive~re t en t ion of ""about" 95 % or~ihore~ af ter 

shrinkage. 



10 In one embodiment of the invention, the bonded 

portion of the label has an adhesive retention of about 97% 
or more after shrinkage. 

In one embodiment of the invention, the bonded 
15 portion of the label has an adhesive retention of about 99% 
or more after shrinkage. 

In o ne embodiment of t he i nvention, the b onde d 

portion of the.lab_e l_ha s_an-adheeive„ret ent lon_of about 99 ..5%. 

20 or more after shrinkage. 

In one embodiment of the invention, the label is a 
tubular label formed by bonding together two o£ opposite 
edges of a rectangular sheet of the film. 
25 ... , . . : 

In one embodiment of the invention, the bonded 
portion is a portion_of a tubular label made of ajreotangular 
sheet of the film where two of its opposite edges are bonded 
together - 

30 - • 

In one embodiment of the invention, the film is a 
— cap - sealing heat^shrinkable" polyester -film. 
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According to sti-ll-another aspect-of this Invention , 

there is provided a cap sealing label made of a heat 
6hrlnkable_polyes„ter„ f ilm_as__def lned_above • 

5 According to still another aspect of this invention, 

a heat shrinkable polyester film is provided, wherein t the 
film has a shrinkage of about 10% to about 40% along its 
main shrinkage direction when the film is put in hot water 
of 70* C for 5 sec; the film has a shrinkage of about 50% 

10 or more along its main shrinkage direction when the film 
Is put in hot water of 9 5' C for 5 sec; the film has a shrinkage 
of about 10% or less along a direction perpendicular to its 
main shrinkage direction when the film is put in hot water 
of 95° C for 5 sec; the film has a film haze of about 3% to 

15 about 10% for a film thickness of 50 urn; and when the film 

is formed into a label having a bonded portion, the bonded 

portion of the label has an adhesive retention of about 95% 
or more after shrinkage* 

___2o~ ~ ^^_m_ohe~ embodiment— of— the-invention, the label is a 

tubular label formed by bonding together two of opposite 
edges of a rectangular sheet of the film. 

In one embodiment of the invention, the bonded 
25 portion is a portion of a tubular label made of a rectangular 
sheet of th^f ilWwheiTe~two"6f i1Ts"opposite "edges are bonded 
together. 

In one embodiment of the invention, the film is a 
30 cap. sealing heat shrinkable polyester film. 

According to still another aspect of this invention, 
there is provided a cap sealing label made of a heat 
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shrinka'ble polyester fXlm as defined above. 

According to still another aspect of this invention 

there is provided a heat~shrinkable polyester-film, wherein t 

— 5 the - f i-lm-ha e-a-e hr Inkage-bf -about— 1 0%— to-about— 40 %-along 

its main shrinkage direction when the film is put in hot 

water of ~7 0*~C~f of~5~~seerr~ the - f llnrhas-a-shrinkage-of-about 

5 0% or more along its main shrinkage direction when the film 
is put in hot water of 95° C f or 5 sec; the film has a shrinkage 

10 of about 10% or less along a direction perpendicular to its 
main shrinkage direction when the film is put in hot water 
of 95° C for 5 sec; the film has a shrinkage of about 15% 
to about 30% along its main shrinkage direction when the 
film is put in hot water of 80° C for 5 sec after a preform 

15 process; and when -the film is formed into a label having 
a bonded portion, the bonded portion of the label has an 
adhesive retention of about 95% or more after shrinkage. 



30 



In one embodiment of the invention, the label is a 



20 tubular label formed by bonding together two of opposite 
edges of a rectangular sheet of the film. 

-in one- embodiment of the - invention, the bonded 
portion is a portion of a tubular label made of a rectangular 
25 sheet of the film where two of its opposite edges are bonded 
together.. 

In one embodiment of the invention, the film 1b a 
cap sealing heat shrlnkable polyester film. 



According to still another aspect of this invention, 
there is provided a cap sealing label made of a heat 
shrlnkable polyester film as defined above. 
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According to still another aspect of this invention, 

there a-heat-ehr-inXab-le-poiyest-e^f iltn is provided, wherein i 

the film has a shrinkage of about 10% to about 40% along 
5 ite-main— shrinkage-direct ion-when— the-f-i-lm—is put in hot 
water of 70° C for 5 sec; the film has a shrinkage of about 
5 ^_ % ______ re along~lt6 maiTrshrinkage~d±rection~when the film 

ie put in hot water of 9 5° C for 5 sec; the film has a shrinkage 
of about 10% or less along a direction perpendicular to its 
10 main shrinkage direction when the film is put in hot water 
of 95° C for 5 sec; the film has a preform finish defective 
percentage, of about 1% or less; and when the film is formed 
into a label having a bonded portion, the bonded portion 
of the label has an adhesive retention of about 95% or more 
15 after shrinkage. 

- In one embodiment of the invention, the label is a 
tubular label formed by bonding together two of opposite 
edges of a rectangular sheet of the film. 

In one embodiment of the invention , the bonded 
portion is a portion of a tubular label made of a rectangular 
sheet of the film where two of its opposite edges are bonded 
together. 

"~~In one embodiment of the invention, the film is a 
cap sealing heat shrinkable polyester film. 

According to still another aspect of this Invention, 
30 there is provided a cap sealing label made of a heat 
' shrinkable polyester film as defined above. 




Thus , the invention described herein makes possible 
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the~aiavantages-of :-(-l-)— providing a heat shrinkable polyester 

film which has a good shock resistance during shipping 

especially_under„low~temperatures-,-With a good-f lnish~af ter 

shrinkage and — a suf-ficient- solvent—- adhesiveness; 

_5 ^(-2-)~provldlng-a-heat-shrinkable-polyester-f ilm-having-such 

properties for use in a multi-packaging label for packaging, 

— i-nter~~ a-l-ia^r— a -stack— of— cans ; — and — (-3-)— providing— a — heat 

shrinkable polyester film for us e i n a cap sealing label 
for a bottle container , in which a bonded portion (backlining 
10 portion) of the label has a high adhesive retention after 
. . shrinkage _and which__has_very__littl.e_creasage,. shrinkage 
non-uniformity, distortion, or jumping occurring from a 
shrinkage process. 

15 These„a nd ot he r ad vantages qf_thcLpres.entiinyention 

W i-l^^ecome-appaxeii±-t-o-t^o-s-e-sk±l^ed-^n-t-he artupon-reading 

and underst a ndin g the fo llow ing d etaile d description with 

reference to the accompanying figures. 

_-20 " = — B R IE F— DES GR l^I^I QN^OF=^H E^DRAW-I-NG S«*=^-^*~°° - 

Figure 1 is a schematic diagram illustrating a 
vibration test foi—a _heat shr J,nkable„polyester' film; 

2-5 Figure— 2^s-^-di^gramHL^-lust-rat-i-ng-a-vlbr at ion test 

for a heat shrinkable polyester film; 

Figure 3 is a diagram illustrating a case where a 
tear flaw has occurred in a film along a can periphery; 

30 

Figure 4A is a perspective view illustrating a label 
produced by rolling a sheet of heat shrinkable film into 
a tubular shape with two of its opposite edges bonded 
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together/ and then cutting the tubular film into smaller 
pieces; 



10 



15 



_ Figure 4B is a perspective view illustrating the 

-label— be ing- placed-around— a— me t al— cy 1-i-nder ; -and- 

Each~~of ~ Figure s 5 A"" to™ 5E~- i"s~ a~per spec t ive~ view 

illustrating the appearance of the label after shrinkingr 
(i.e., the preform finish property). 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A heat shrinkable polyester film according to an 
embodiment of the present invention will now be described, 

(Heat shrinkable polyester film suitable for use as 

-multi-packaging- film) — 

Preferred polyesters for use in a heat shrinkable 
polyester film of the present invention suitable for use 
20 as a multi-packaging film typically include polyethylene 
terephthalate, polyethylene naphthalate, and other 
polyesters obtained by copolymerlzlng such polyesters with 
— ari acid- component or a long -chaln-glycol -component- of an 
aliphatic compound. 

25 

According to the present invention, in addition to 
the acid components of the polyester comprising terephthalfo 
acid or naphthalenedicarboxylic acid, it is possible to use 
one or more known dicarboxylic acids such as oxalic acid, 

-30 malonlc acid, _ succinic acid, adipio acid, azelaic acid, 

lsophthallc acid, decanedicarboxylic acids, and dlmer acid. 
Moreover, in addition to the dioi component comprising 
butanediol, it is possible to use one or more known diols 
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such_a.s__e.tJiylene_glYcol-._ne.openty.l- giycol-,— hexeme-thylene 
glycol, 1,4-cyclohexane dimethanol, dlmer acid diol, and 
e thylene-oxide-added tetramethy lene gl ycol. 



In order to obtain a heat shrinkable polyeste r film 

which is determined to be desirable in a vibration test, 
it is preferre d to use ne opentyl glycol r>n* of the diol 
components. 



10 Moreover, in order to improve the smoothness of the 

heat shrinkable polyester film, the film preferably contain 
an inorganic lubricant and/or an organic lubricant. Op- 
tionally, the film may contain further. additives such as 
a stabilizer, a coloring agent, an antioxidant, a defoamer, 

15 and an antistatic-agent . 



The heat shrinkable polyester film of the present 
invention le required to have a transverse tear defect 
percentage of about 20% or less, and preferably about 10% 
f eBfl ' as determined in a v ibration test. When the 
transverse tear defect percentage exceeds 20%, the film is 
likely to have many tears during actual shipping. 



In the present invention, it is further preferred 
that the refracti ve ind ices Nx. _Ny„o f_the_f ilm. _aat i s f y_± he 
following expressions (1) and (2): 

1.561<Nx<1.566 (1) ; and 

0.040<Ny-Nx<0.070 (2) . 

The more preferred range of the refractive index Nx 
is 1,562 to 1.565. The more preferred range of the value 
(Ny-Nx) is 0.050 to 0.060. When the refractive index Nx is 
less than 1.561, the strength of the film against transverse 
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tears may be insufficient. When the refractive index Nx 
exceeds 1.566, the shrinkage of the film along a direction 
perpendicular to the main shrinkage direction increases, 
thereby decreasing the shrunk finish property. 



When the value (Ny-Nx) is less than 0.040, the 
sh rink age balance between the longitudinal direct ion and 
the transverse direction of the film may be poor, resulting 
in shrinkage^hon -'uniformity, "when "the value (Ny-Nx) ex- 
10 ceeds 0,070, the transverse tear defect percentage in- 
creases . 

Preferably, the film of the present invention has 
a shrinkage of about 50% or more, and more preferably about 
15 55% or more, along its main shrinkage direction when the 

fi lm is put in hot water o f 95° C for 10 sec . When the hot 

water shrinkage along the main shrinkage direction is less 
than 50%, it is likely that the film does not shrink enough, 
or the shrunk label has shrinkage non-uniformity, thereby 
20 resulting in a poor finish. 



Preferably, the film of the present invention has 
a shrinkage of about 10% to about 25%, and more preferably 
about 10% to about 20%/ along~a direct ion "perpendicular to 
its main shrinkage direction when the film is put in hot 
water of 95° C for 10 seo^ When the hot water shrinkage along 
this direction is less than 10%, the strength of the film 
against transverse tears may be insufficient. When hot 
water shrinkage along this direction exceeds 2 5% , the shrunk 
film may have shrinkage non-uniformity or jumping, thereby 
resulting in a poor finish. 



Preferably, the film of the present invention has 
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In order to achieve the objects of the present 
invention, a polyester film having its main shrinkage 
5 d irection along the transverse (or width ) direction is more 
- practical. Therefore, an exemplary film production method 

_ ZZwhe£l~tfr 

transverse direction will be described below. However, it 
is understood that the present invention is also applicable 
10 to a oase wher€T"the~f iim has lts~main shrinkage direction 
along the longitudinal direction. 

- _ According— to— the - present invention, a polyester 

material is first dried by using a dryer or vacuum dryer 
15 such as a hopper dryer or a paddle dryer. Then, the polyester 
material is extruded at a temperature of 200* C- to 300* C, 
and rapidly cooled to obtain an undrawn film. In order to 
produce a heat ehrinkable polyester film having its main 

'—shrinkage direction along "the" transverse direction, the 

-——20— ^obtained undrawn rfil : m^^^ by 
a drawing factor of 1.1 to 1.3 at 80 6 C to 95° C, and then 
drawn laterally by a^drawing factor of-3„-_to 5 at 70°C to 85°C. 
It is understood that any other drawing condition may 
alternatively be set for this process. 

25 ^ . : 

— (Heat shrinkable polyester film suitable for use in cap 
sealing label) 

A heat shrinkable^ polyester film of the present 
invention suitable for use in a cap sealing label is 
30 preferably produced from a polyester composition containing 
a polyester comprising a dicarboxylic acid component and 
a diol component, and a polyester elastomer. The polyester 
- — -composition may ^owlraiirv"S0^wt% to"99T9"wt% of a polyester „ 
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jand_may cent ain_o ...l_w.t-%-to-5 O-wt %-of a-polyest r e^-elas-t-omer . 



The heat shrinkable polyester film of the present 
invention can be produced by drawing the undrawn film 
5 obtained from the above-described polyester composition at 
a temperature equal to or greater than Tg-5°C and less than 
. Tg 5°C ( Whe^elTgliVJ^ 

polyester) along the transverse direction (direction 
perpendicular to the extrusion direction) by a drawing 
10 factor of 3.0 or more, and preferably 3.5 or more- 

(Polyester) 

— Thedicar boxy lire a~oiid~comp~onent~of ~the~poly ester may 

include aromatic dicarboxylic acids (e.g., terephthallo 
' — ■ 15 — acid;- isophthalic acid, naphthralenedicarboxylic acid, and 
_ orthphthalic acid), aliphatic dicarboxylic acids <e,g., 
adipio acid, azelaic acid, sebaclc acid, and 
decanedicarboxylic acids), alicydlic dicarboxylic acids, 

— or~t-he— likeT- — — — 

20 

Where the polyester contains an aliphatic 
dicarboxylic acid(s) (e.g., adlplc acid, sebaclc acid, 
decanedicarboxylic acid, or the like), the content of the 
aliphatic dicarboxylic acid is preferably less than 3 mol% 
25 (this applies to all the dicarboxylic acid_componente used). 

A -heat shrinkable polyester -f ilm -obtained -by- using a 

polyester which contains 3 mol% or more of such an aliphatic 
dicarboxylic acid(s) may not have a sufficient rigidity in 
high-speed processes. 

30 

The polyester preferably does not contain a 
polyvalent oarboxylio acid whose valence is 3 or more (e.g. , 
a~ trimellit ic "acid / a pyromelirt"ic "^acid , or anhydride 
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— thereof).- . If the. polyester contains such a polyvalent 

carboxylio acid, the content thereof is preferably 3 mol% 
or less. With a heat shrlnkable polyester film obtained by 
using a polyester containing such a polyvalent carboxylio 
5 acid, a sufficient shri nka ge ma y not be a chieved 

A dloi compone.n.t.--Of^the-poly-es-ter-to-be-used~-in- the 

present invention may include aliphatic diols (e.g., 
ethylene glycol, propanediol, butane dlol, neopentyl glycol, 

10 hexane diol, or the like), allcyclic dlols (e.g., 1,4- 
oyclohexane dimethanol), aromatic dlols, or the like. 

— A-polyester-used-in -f he-heat shrlnkable polyester 

film of the present invention is preferably a polyester whose 
15- - glass-transition temperature (Tg) is adjusted to 60°C to 75°C 

hy mixing therein on_e_or_more-diols-whose-carbon number is 

3 to 6 (e.g., propane diol, butane diol, neopentyl glyool, 
and hexane diol) . 



20 ~ - — - -~ "I n-orde r-to-ob^ain-a-he^t~^ film 
having a particularly desirable shrunk finish property, it 
is preferred to use-neopentyl glycol as one of the diol 
components, preferably in an amount of 15 mol% to 25 mol% 
(this applies to all the diol components used). . 

25 

— It is preferable not to include a diol whose carbon 
number is 8 or more (e.g. , octanediol) or a polyalcohol whose 
valence is 3 or more (e.g., trimethylolpropane, 
trimethylolethane, glycerin, and di glycerin ) . If such a 
30 diol or such a polyalcohol is included, the content thereof 
is preferably 3 molV or less. With a heat shrlnkable 
polyester film obtained by using a polyester containing such 
— a-diol or such a~ polyalcohol 7a sufficient shrinkage may 
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not be achievedT -- ™ ~ 

■— - The-polyeste:r-pref erab-ly contains the least amount 

possible of dlethylene glycol, triethylene glycol, and 

5 polyethylene glycol. Particularly, dlethylene glycol is 

likely to be present because it is a byproduct from a 
^ 1 y me r ^ ion process - Never t he les sT in " t tie 
polyester used in the present invention, the content of 
dlethylene glycol is preferably less than 4 mol%. 

10 

When two or more polyesters are mixed together, the 
acid component content or the diol component content is the 
content with respect to the acid component or the diol 
component, respectively, of all the polyesters. These 
15 contents are irrespective of whether ester interchange 
occurs ~af t ^fn^ilTing^ "~ 

The above-described polyesters can be produced by 
any conventional method. For example, the polyester can be 
20 obtained by using, for example, a direct esterif ioation 
method, where a dioarboxylic acid and a diol are directly 
reacted with each other, or a transesterlf ioation method, 
where a dimethyl dlcarboxylate and a diol are reacted with 
each other. The polymerization may be performed either in 
2 5 a~b a t ch~pr oc e s s"or ~a~~c oTi t inuou s~pr o oe s s-; 

(Polyester elastomer) 

The polyester elastomer (polyester block copolymer) 
used in the present invention is a polyester block copolymer 
30 comprising a high melting point crystalline polyester 
segment (hard segment) and a low melting point soft polymer 
segment having a molecular weight of 400 or more (soft 
segment). When a high polymer is made solely of the high 
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_ — mei t in g~ p o in t c r y s t all 1 ne "pro ly ee t e x "segment v~ t h~e~me 1 tin g 
point is 200°c or more. The low melting point soft polymer 
segment -itself_has_a-meltlng--point-or~a softening point of 
— 80°C or-less. - - — 

5-- . - ' ' , : ■ ■— - -'- " 

When a fiber-forming high polymer is made solely of 
- the -high*melti-ng-point-crye t a-l-ilne-polyes t ereegment-( hard 
segment), the melting point _ie 200°C or more, 

10 For example, the high melting point crystalline 

polyester segment may bet a polyester comprising a residue 
of an aromatic aicarboxylic acid (e.g., terephthalic acid, 
isophthallc acid, 1 , 5-naphthalenedioarboxylic acid, and 
2 , 6-naphthalenedicarboxylic acid) and a residue of an 

1 5 aliphatic , aromatic or ali<^cli^dioiT(.e". g . , ethylene glycol , 
-.,=. ^propylen^—glycolT^t^ 

glycol , 2,2- dime t hylt r ime_t hy lene glycol , hexame t hy lene 

glycol, decamethylene glycol, p-xylene glycol, and 
cyclohexane dimethanol); a polyester comprising a residue 

20 of an oxy acid^teTg^^p^^ 

p-oxybenzoatepibarolactone) ; a polyether ester comprising 
" a "residue of ■ an-aroifiat-io -ether-" dicirbojcylic "acid (e.g. , 

1_, 2-bis( 4 , 4 1 -dicarboxyinethylphenoxY)ethane,~ dl( 4- 

carboxyphenoxy) ethane) and a residue of the above-described 

25 aliphatic, aromatic or alicyclic diol; or a polyamide-ester 
~ comprising a re^i~du~C3¥"an"^^ 

(e.g., bie(N-paracarboethoxyphenyl)terephthalimide) and a 
residue of the above-described aliphatic, aromatic- or 
alicyclic diol, 

30 

It is also possible to use a copolymer polyester 
containing two or more of such dicarboxylic acid residues 
ai^/oF diol residuesT " 
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10 



The low melting point soft polymer segment having 
alnolecul"ar-weight _ of-400-or-more-( eof t-segment )ls a- segment 

"in ~a~ polyester block copolymer ~ which" Is substantially 
amorphous . — The - segment— it self "has— a—melting-point -or a 

_sof tjening. point of ep°C or less. 



The-molecular welght-of-t-he-low -melting point soft 

polymer segment is 400 to 8000, and preferably 700 to 5000. 

The ratio of the low melting point soft polymer 
segment In the polyester elastomer is preferably 1 wt% to 
90 wt%, and more preferably 5 wt% to 80 wt%. 

15 ------ Typical low^ melting point soft— polymer -segments 

include"^ polyether (e.g., polyethylene oxide glycol, 
polypropylene oxide glycol, polytetramethylene oxide 
glycol, a glycol of a copolymer of ethylene oxide and 
propylene oxide, and a glycol of a copolymer of ethylene 
~20 ~oxide"and tetrahydrof uran ) , an aliphatic polyester (e.g., 
polyn^opentyl azelate, polyneopentyl adipate, and poly- 
neopentyl sebacate) , polylactone -- (e.g., poly-e- 
"daprolactone ) , —arid the -like . - 

~~25 In" view of ""the compaObri"i"ty~with the polyester 

included in the polyester film, it is particularly preferred 
that the polyester elastomer includes polylactone (e.g., 
poly-E-~c~aprolactone) as the soft segment; With a better 
compatibility between the polyester elastomer and the 

30 polyester, -the-f ilrrv-will-have a better-transparency.and the 

bonded portion (bacjclining portion) of the label will have 
a better adhesion. 
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T he — polyester — e-l-afi-tomer— 1-fi — contained —In- the 

polyester composition of the polyester film in an amount 
of 0 . 1 wt% to 50 wt% , preferably 0 . 1 wt% to 30 wt% , and more 
preferably 5 wt% to 30 wt%. 

.5 

When the content of the polyester elastomer is less 

t-h-an -0 . 1— wt %— or- greater— than— 5 0— w -t%- t — the— bonded— portion 

(backlining portion) of the label produced from the 
polyester film of the present invention will have a poor 
10 adhesion. 

The same additives as those described above may be 
included to improyeT^the smoothness _of_ the heat shrinkable 
film. The inorganic lubricant may be, for example, titanium 
15 _dioxide, fine particle silica / kaoline, or c alciu m carbonate . 

— The-or^ganiG-1-ubrica^t^nay-be-^-H f or-examp-le-r~long — Ghai-n- fatty 

acid ester. 



~~~~ The hot water shrinkage of a heat shrinkable 
-,20 . ^polyerat er _f ilm -can^-be _de.termined_ae~£ ollowe-i-^Thei,f 11m is 
subjected to a no-load treatment in hot water. Based on the 
- _ "length of the f ilm_bef or.e^shrinkage andthat after shrinkage, 
. -the hot water shri nka ge - of the- film .can be calculated by 
the expression: 

— 25 Heat-shr-inkage --(-( leng-th-bef ore -shrinkage--— lengt*h 

a fter" shrinkage) -/—length before shrinkage) x 100 (%) 

_ „■„ — Th^ heat -shrinkable polyester film of -the present 
invention has a shrinkage of about 10% to about 40% , and 
30 preferably about 20% to about 40%, along Its main shrinkage 
' direction when the film is put in hot water of 70* C for 5 
sec. The film has a shrinkage of about 50% or more, and 
preferably about 50% to about 70%, along its main shrinkage 
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direction when the film is put in hot water of 95° C for 5. 
sec . The film "has a shrinkage - of about 10% or less, 

preferably— about— 8 %- or-l-es-s-,— and-more prefer abl-y— about 6% 

- or -less, -along a^-direction perpendicular to its main 
5 shrinkage direction when the film is put in hot water of 
95 e c for 5 sec. 

For a hot. water shrinkage process at 70°C for 5 sec, 

when the shrinkage along the main shrinkage direction is 
10 lees than 10%, the low temperature shrinkage of the film 
may be insufficient , whereby it-may be necessary to increase 
the shrinkage temperature, which is undesirable* When the 
shrinkage exceeds 40%, Jumping of the label may occur from 
the heat shrinkage process. 

15. _ . .. ,. „ „_ . 

The shrinkage f or~a™h"ot~water "shrinkage process at 

95.1C for 5 sec is preferably about_50% to about-70% .__ When 

the shrinkage is less than 50%, it may be necessary to 
increase the shrinkage temperature, which is undesirable. 

20 —When— the— shrinkage- exceeds- 70 -%-~t*e—ia-b el— may-still have 

a shrinking force even after the heat shrinkage process / 
whereby the label is likely to jump. 

The heat shrinkable polyester film of the present 
25 — invention— has— a— f i-lm-haze— of —about ^3% to about 10% for a 
film thickness of 50 jun. When the haze exceeds 10%, there 
is a practical problem in that the printed label may have 

_. _ a -poor color. When -the * haze - is "less - than "3% , the film 

thickness distribution may deteriorate. 

30 

A label made of the heat shrinkable polyester film 
of the present invention after a preform process has a hot 
water shrinkage along the main shrinkage direction of about 
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..1.5.% -to— about- 30%-,— and-more-pr-ef -era-bay about— 17% to~about 
_2 5%_for a hot water-shrinkage process at 80°C for 5 sec. When 
the hot w ater shrinka ge along the main ^shrinkage-direction 
after. .the preform process is less than 15%, insufficient 
shrinkage may occur. When the hot water shrinkage is 30% 
or more, Jumping of the label may occur from the heat 
-shrinkage -process-^ '- 



When the label made of the heat shrinkable polyester 
10 film of the present invention is subjected to a preform 
process, the defect percentage is about 1% or less. A 
decrease in the production yield is undesirable because it 
_ may necessitate a reduction -in the productivity, e.g., a 
reduction in the process speed, in order to reduce the 



15 _ defect. 



When the heat shrinkable polyester film of the 
present invent ion is formed i nto a label h aving a bonded 
po rti on (backlining portion), the bonded portion of the 

2 0 ^™i;ab e 1— ha s~ arr a'dKeFi ve - ^^ r^orliore , 

preferably about 99% or more, and more preferably about 99.5% 
" " r ~~~ ^~or more, after shfffiRSge. ~~~ """"" ^ - ^— - 



25 



-30 



preferably has a compressive strength of about 300 g or more , 
and more preferably about 4 00 g or more. While the 
compressive strength is influenced by the film thickness , 
the compressive strength is preferably about 300 g or more 
so that the film can suit ably be "used With a high-speed label 
application machine. When the compressive strength is less 
..than 300 g, there may -be a -label application defective. 
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— — The-t-hi-ckneB-B-of-fhe-h-eat-shr±nkable polyester film 

of the present invention is not limited to any particular 

value , ,A_B_a_hea.t„.shrinkable™f ilm f or-_use_in^a label-,- the 

thickness of the film is preferably 10 to 200 \im, and 
5 more preferably 20 \m to 100 (xrrw 

A cap sealing label can be produced as described 
a .*?.PY?_r. _ Z irs ^ sheet of heat shrlnkable film having a 
predetermined size is rolled into a tubular shape with two 

10 of its opposite edges bonded together. Then, the tubular 
f ilmJLs cut into smaller label pieces . The method of bonding 
is not limited to any particular method. For example, a 
solvent or a swelling agent is applied on at least one of 
two opposite edges of the heat shrlnkable polyester film, 

15 the opposite edges are bonded together before the solvent 
OI ^_t-he— e we-H-i-ng— ag en t— dr ie s~up^ • 



A halogenated hydrocarbon solvent is particularly 
"recommended for use in the above -described method. The 

20--__halogenated-hydrocarbon^ 

solvehts as follows. Such a low boiling point solvent 
comprises an aliphatic and aromatic halogenated hydrocarbon, 
and has a boiling point of 20 0°C or less and a vapor pressure 
of 5 mmHg or more at 20°C. Particularly, in view of the 

— 25 high-speed- process-,-— the— soiven-t--preferab-ly—has--a— boiling 

point of 150 C C or less and a vapor pressure of 30 mmHg or 
more at 20°C. 

Specific examples of the solvent include a 
30 halogenated aliphatic hydrocarbon (e.g., dlchlorome thane, 
chloroform, dichloroacetylene, dlchloroethylidene , di- 
chloroethylene , 1,1,1 - trichloroethane , 1,1,2- 

trlchloroethane, 1 , 1 , 2 , 2-tetrachloroethane, 
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■— 1 rlchloroethylene-, and dipropylene chloride ) , a 

halogenated aromatic hydrocarbon (e.g., ortho- 

^dichlorAben2.ene,)„ / _and_the_like It_l£t_unders.tood-that the 

solvent used in the present invention is not limited to those 

_5_~ listed-above — ^Any_Bolvent^.may_advantageousiy-be-used-in-the 

present invention as long as it can dissolve the polyester 

composition of- the- present invention and has a boiling point 

and a vapor pressure as described above. Applicable sol- 
vents other than a halogenated hydrocarbon solvent include, 

10 for example, aromatic hydrocarbons (e.g. , benzene, toluene, 
xylene, and trlmethylbenzene ) , phenols (e.g., phenol, and 
metacresol) , alcohols (e.g., benzyl alcohol), nitro 
hydrocarbons (e.g., a nitrobenzene) , nitryl (e.g., 
acetonltrile) , nitride compounds such as amines (e.g., 

15 normal butylamlne /pyridine, and morpholine) , ketones (e.g., 
acetone, methyl ethyl ketone, methyl isobutyl ketone, and 
methyl cyclohexane) , a glycol ether (e.g. , dioxane) , an ether 
such as furans (e.g., tetrahydrof uran) , an ester (e.g., 
ethyl acetate, normal~b^yl"acetate7~and monoethyl acetate) , 

.20 an— organic acid— (e.g.-,— a-formic^acid,— an acetic acid, and 

f luoroacetlc acid) , an Inorganic acid ( e . g. , a sulfuric acid, 
and a nitric acid), a sulfur derivative (e.g., carbon 
disulfide), N,N-dimethylf ormamide, and the like. 
Particularly, those with a high volatility are preferred. 

25 Among— ether -solvents,- a particularly useful solvent is 

dioxane. 

The solvent or swelling agent preferably has a 
solubility index in a range of 8.0 to 13.8. However, the 
30 solubility Index Is not limited to this range. From a 
different point of view, the solvent or swelling agent 
preferably is such that when the polyester film having a 
size of 5 cmxl cm* 40 \im is immersed in the solvent or 
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swell ing~a gen at~23°C"f or~l"0~ se'c— the~degree of swelling 
- (as defined below) is 1% or more. However, again, the degree 

of— swelling-is— not— limited— to— this 

5 Degree-of— swelling =— ( ( A-B ) /B ) xlOO (%), where 

A: the thickness of the film after immersion 
— B : the thlcknese-of ~-the~f ilm-bef ore— immersion- 

The above-listed solvents or swellings agent are 
10 merely examples, and the present invention is not limited 
to those shown above. Moreover, the solvents or swelling 
agents may be used alone or in combination. 

Next , a specific example of the method for producing 
15 a heat shrinkable polyester film of the present invention 

will— be~ described; though the present invention is not 

limited to such a method. 

An undrawn film" can be obtained by the sajne method 
— ^20— — -as-that-descri^ done 
with any known method such as a T-dle method, or a tubular 
method. 

The obtained undrawn film is then drawn at a 

25 temperature equal to -or-greater-than-Tg - 5-€-and— less- than 

Tg"+l5°C (where Tg is the glass-transition temperature of the 
polyester) along the transverse direction (direction 
perpendicular to the extrusion direction) by a drawing 
factor of 3.0 or more, and preferably 3.5 or more. 

30 

Then, a heat treatment is optionally performed at 
70°C to 100°C to obtain the heat shrinkable polyester film. 
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The f ilm"may be drawn with a tenter only in the 
" transverse direotibn, or in" two directions, i.e-7 in the 
transverse-direction-and-additl^ 

. .... (iirection. Such^b;i~Mial~drawing may be perf ormed either 

5- wl"tffla~6"Uiciciew a-simult eneous 

biaxial drawing method. After this drawing process, the 
f ilST may" optYoi^riy^be^f urther drawW~lTT~t~h^lOT^ 
or transverse direct-ion. - - — — 

10 In order to achieve the objects of the present 

— -invention, it is-more practical to have the-main shrinkage 

direction along the transverse direction. Therefore, an 

- exemplary film production method where the main shrinkage 
direction is along-the transverse direction has been de- 

15 scribed above. -However, it- is understood that-- the main 
shrinkage ~ direction may aXte^atlvely^ be along the 

longitudinal direction-, in which case- the- above^described 

method can be used only with the drawn direction being 
rotated by 90 degrees. 

^20 ~ '— — " — - ^ ~ - - — - 

In the present invention, an undrawn film obtained 

- -from a polyester is^pref erably drawn at a temperature of 
-■ -- - r— -equal" to or- greater— than Tg-5°C and less than Tg+15°C. 

'25 ~ rt"X^ho1Tpreferabrertoid^ 

less than Tg-5°C. In such a case, a sufficient heat 
shrinkage, a feature of the present invention, may not be 
obtained, and further the transSTarehcy of the obtained film 
may deteriorate, 
30 ~ - - - ~ — -•- — 

It is also not preferable to draw the film at a 
temperature of Tg+15°C or more. In such a case, the film 
may not have a sufficient rigidity in high-speed processes. 
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— — and— further— the --f-i^m-may— h-avo— a~soba±-ant-i-ai^y~l-ncreaBed 

-thickness-variat-ion-. : ; -- 

The heat shrinkable polyester film of the present 
5 --invent ion-pref.erably-has-a _f ilm-thickness_dl6.trlbution of 
6% or less, and more preferably 5% or leas. The film 
- thlGkness— d-ist-r-i-but-ion— ean— be— calculated— based on the 
following expression: Thickness variation = ((maximum 
thickness - minimum thickness) / average thickness) x 100 
10 (%)• 

A three-color printing test is performed to evaluate 
the shrunk f lnieh property of the film. With a film having 
a thickness distribution of 6% or lees, it is easy to 
A 5 _„^P e ^ lm P9 s ® the colors on one another. However, with a film 
having a thickness distribution greater than 6%, the colors 
may not be desirably superimposed on one another. 

~~ In order to reduce~~the thickness distribution of a 

_20 ~-;-™hea-t^sh^ 

film to a predetermined temperature with hot air at a low 
flow rate such that the heat transfer coefficient is 
0.0013 cal/cm a 'seo'°C or less in a pre-heat process, which 
is performed before the drawing process for drawing the film 

__25- — with-a— tenter in the— transverse-direction. ; 

In order to suppress generation of heat inside the 
— f-i-l-m-associated-with -the drawing process and thus to reduce 
the film temperature non-uniformity in the width direction, 
30 the heat transfer coefficient in the drawing process should 
be 0.0009 cal/cm 2 'sec*°C or more, and preferably 0.0011 to 
0.0017 cal/cm 3 *sec-°C. 
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T When the'heat trans? er~coe£f1t^eivt Tn~the pre-heat 

process exceeds" 0.0013 oal/cm 2 - seo *°C or when that In the 

"drawing -process — ±s~-0— 0 00 9-cal/cm 2 ' sec • °C— or less, the 
thickness Is likely to be non-uniform. In such a case, when 

n^murtl~coror~prlntlng-is""perf ormed-on-the-obtained-f ilm. 



the colore of a printed pattern may not be properly 



superimposed on one another. 
(Examples) 

10 The present invention will now be described in 

greater detail by-way-of examples .— However , the present 

invention is not limited to these examples, but other 
examples may be possible without departing from the scope 
of the present Invention* 



will- now be desoribed-with-ref erence-to-Table— 1-and Table 2 

below. 

20 (1) Heat shrinkage 

A sheet of film was cut into 10 cmxlO cm pieces, and 
subjected to a no-load treatment in hot water at a 
—temperature ±0.5°C of-a- predetermined- temperature so as to 
heat -shrink the film. Then, the longitudinal and trans- 

25 ver s~^dimen ~s~i^^ tain 
the heat shrinkage of the film according to the following 
expression (Expression 1). The direction along which the 
heat shrinkage was greater was assumed to be the main 
shrinkage direction of the film. 



(Expression 1) 

Heat shrinkage « {(length before shrinkage - length 
after shrinkage) / length before shrinkage} x 100 (%) 
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(2) Refractive index 

An Abbe refractometer was used to measure the 
refractive index of -the- film along the longitudinal, 
_5 transverse- and— thickness— dlrections_of_the_f ilm — — 

— — — 1 n-Tabl-e— l- below— the-ref rae-t-i-ve— index-of -the film 



along the longitudinal direction (main shrinkage direction) 
is denoted by Nx, and the refractive index along the 
10 transverse direction (direction perpendicular to the main 
shrinkage direction) is denoted by Ny. 

(3) Solvent adhesiveness 

The film was rolled into a tubular shape with two 
15 of its opposite edges bonded together with 1 , 3-dioxolane . 

The -t ubu-l-ar-f 1 lm~was-cut- in t o-smaller-pieces- ( samp les ) -each 

haying, a width of 15 mm in a transverse direction which is 

perpendicular to the direction along which the film runs 
through~~the "processing" system . The bonded portion was 
-20 ^™pul^Lea-a-l-©ng = ihe^ apart. In 

the column "Solvent adhesiveness M in Table 1, u O u indicates 
a sample which had a sufficient peel-resistance . 

(4) Shrunk finish property 

-25 Each sample- was-- placed- around-commerci ally avail- 
able food container cans ( "Frlskie" manufactured by Friskie) 
and passed through Universal Shrinker (Model t K2000) 
manufactured by-Kyowa Denki -f or a shrinker passage time of 
15 sec (zone 1 temperature/zone 2 tempera- 
30 ture) = (170°C/170 c C) to shrink the sample onto the cans. The 
; finish property of each shrunk sample was evaluated as 
follows (10 samples were evaluated) . After the evaluation, 
each sample was marked as follows. 
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O: No apparent defect observed 

X ; crease— or~±nsuf f iclent" shrinkage-observed 



(5)- Vibration test—— ~ — - — — - 

—5 — = — — Ref : er-r-ing^t-o-Figu-r-e--H I— each film sample was rolled 

into a tube 1, with two of its opposite edges being bonded 
together7~and then the tube 1 was placed around a vertical- 
stack 2 (total weight: 660 g) of three food container cans 
each having a diameter of 72 mm and a height of 55 mm. The 
10 can stack 2 with the tube 1 placed therearound was passed 
through a shrink tunnel to shrink the„tube 1 onto the can 
stack 2. Then, as shown in Figure 2, a total of 18 packs 
-of such can stacks 3 were placed into a cardboard- box 4 
having a length of 455 mm, a width of 230 mm and a height 
15 of 165 mm (6 packs in the length direction by 3 packs in 
- the~wldth~directlon*)T~and-the"cardboard-box— 4-was~sealed* 



The cardboard box 4 was vibrated along the 
longitudinal direction (indioated by arrow A in the figure) 

20— f or=30=min by a stroke of 50 mm and at a vibration rate of 

18 0 reclprocations/mln, after which the transverse tearage 
- -of —the tube 1 - was -visually .observed . - - 



Referring to Figure 3 4 the defect percentage ( % ) was 

2 5 det ermined- -based— on— the— number— of — def ect-ive— packs— per —18 

packs, wherein the defective pack was any pack having a tear 
flaw 6 whose length ("L n in Figure 3) is 30 mm or longer in 

a film 7 along^a periphery of the can 5. Then,- a- sample 

having a defect percentage of 20% or less was marked w O 
30 u , and a sample having a defect percentage exceeding 20% 
less was marked M X u . 



(6) Actual shipping test 
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Three of such cardboard boxes 4 as described above 
in the section "Vibration test" were transported by land 

over_a_prje.de_texmined„dis.tance The_defect percentage (%) 

was determined based on. the number of defective packs per 

5 5-4_packs Then-,_a-6ample_havlng-a-def ect_-percentage of 20% 

or less was marked "O", and a sample having a defeat 
-percent-age exceeding— 20%- less was—marked— ^-X-V- 

(7) Adhesive retention of bonded portion (backlining 
10 portion) 

A heat shrinkable polyester film was passed through 
a tube production apparatus , where 1 , 3 -dioxolane was applied 
over a width of 2 mm on one side of the film at one edge. 
Immediately, the film was rolled into a tubular film and 
15 the edge was bonded onto the opposite edge. The tubular film 

was- cut -in t-o-sma-l-ler -pieces to-obtaln- a— label— 8- having a 

diamete r of 8 7 mm and a le n gth of 53 mm as shown in Figure 4A. 

As shown in Figure 4B, the label 8 was placed around a metal 
Qyl~lnder~"~9T having a diameter~of 76~lr5^ and the label 8 was 
— 2 0 - -_hea.t^shrAink™on~t o -t h sat 
a temperature of 200°C for 2 sec. Then, the condition and 
the strength of a bonded portion 10 were_evaluated (a total 
of 200 (1000) samples were evaluated). In Figure 4B, the 
length Li was 47 mm, the length L a was 6 mm, and the width 
25 — of— the-bonded^por-tion-3-was-5— mm-. — The- evaluation-was done 
by-visual "observation with the" criteria shown below . The 
following expression (Expression 2) was used to obtain the 

adhesive — retention — of the bonded— portion- (backlining 

portion). 

(Expression 2) 

Adhesive retention of the bonded portion 
(backlining portion) ■ ((number of samples evaluated - 
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number of def ectives-)- / number- of-eamplee evaluated) x loo 
(%> 

( Criteria )_ 

5 J A sample was considered defec tive if, after 

shrinkage, peeling had occurred in an upper portion 10a, 

in_a_lower_por.tlon 10b.,_or-generally-along-the-entire-length 

of the bonded portion 10. A sample was also considered 
defective if, after shrinkage, the upper portion 10a and/or 
10 the lower portion 10b could be easily peeled by hand. 
Otherwise, the sample was considered non-defective. 

Figure 5A shows a case where peeling occurred in the 
lower portion 10b of the label 8. Figure 5B shows a case 
15 where_ peeling occurred in the upper portion 10a of the 
label— 8- = . 

(6) Preform finish property and defect percentage 

— For~ea~ch~of~th~enBhrunk~l^^ described 

20 infection ( 7 ) a£^^,;:ULh_e_&hrin^ _and _ the„f inish 

property of the entire label including the bonded portion 
were evaluated (a total of 2p0_( 1000 ) samples were evaluated) * 
The evaluation was conducted by visual observation with the 
criteria shown below. Then, the preform finish defect 

-25 percenta ge_(^^tal^mmb^er^.f^samplee-ev^lua±,ed - 1000)-jwas 

obtained-by the—following expression. 

— Preform_f inish— defect percentage =- (number of 

defectives / number of samples evaluated) x 100 (%) 

30 

' After the evaluation, each sample was marked as 

follows . 

O : No crease, no jumping, or no insufficient 
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shrinkage observed 

~ X " t Crease, jumping, or" insufficient shrinkage 

observed 

-5 : Fi~gure~~ 5C~shows"a _ case-where- jump ingoccurr ed~in- the 

sample. Figure 5D shows a case where crease ooourred in the 
sample. Figufe~5E shows a case where insufficient 
shrinkage occurred in the sample. 

10 (9) Shrinkage after preform process 

For each of the shrunk labels evaluated as described 
in section (7) above, the bonded portion (backlining 
portion) 10 was cut off from the label B, and the remainder 
was cut into pieces each having a size of 100 mm along the 

15 main shrinkage -direction -by 40 mm along— the direction 
p e r p e n d i c u 1 ar to the mal^^3^rinkage'm~r^ct Tioh . The label 

pieces were- further heat -shrunk -through a no-load treatment 

in hot water at a temperature of 80*0. 5°C for 5 sec. Then, 
the length of each label piece along the main shrinkage 

2 0 direct"i3S^ird = fl^t^arion-g the perpeTrdrcular-directlon- were 
measured. The shrinkage after a preform process was ob- 
tained by the following expression (Expression 3). 

(Expression 3) 

~25 Shr i"nkage~a f t~e r p r e f brm~=~(Tl e n g ttrbe f or e~s hr inka ge 

- length after shrinkage) / length before shrinkage) x 100 

(%) _ _ ■ 

(10) Tg (glass-transition temperature) 
30 DSC (model: DSC220) manufactured by Seiko Instru- 

ments & Electronics Ltd was used to raise the temperature 
of an undrawn film (10 mg) from -40°C to 120°C at a temperature 
rising rate of 20°C/mln to obtain an endothermic curve. The 
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glass" transition tempera tuFe of the film was 6btai1iea~based 
on the obtained endothermic curve. A tangential line was 
drawn immediately before and after an inflection point along 
the endothermic curve to obtain Tg (glass-transition 

5 t emgeraturcr) - at™ t he—inter section— between— the— tangent ial 

lines. 



(11) Film haze 

•1001DP" manufactured by Nlhon Denshoku Kogyo was 
10 used to measure the haze of each film sample in compliance 
with JIS (Japanese-Industrial Standards) K 7105. 



The following polyesters (Polyesters A-E) were used 
in the examples and comparative examples to be described 
15 below. • - 

Polyester A: polyethylene terephthalate (intrin- 
sic viscosity (IV): 0.75 dl/g) 

Polyester B : a polyester comprising 100 mol% of 
—20 ~~^&&E§ lTthiiic ^i-d^^b^o^ 

of neopentyl glycol (IV: 0.72 dl/g) 

Polyester C j~ ~polybutylene- "terephthalate (IVt 
- 1. 20 dl/g) • - *-- -- 

Polyester D: a polyester comprising 100 mol% of 

— 25 ter^htharic - ~si^^ 

poiytetrajnethylene glycol (molecular weight: 1000) (IV: 
1,50 dl/g) 

" P6Tyester~E~: a^olyester elastomer comprising a 

copolymer polyester of 70 wt% of Polyester C and 30 wt% of 
30 e-caprolactone (reduced viscosity (T| Bp/c ) : 1.30 dl/g) 

(Example 1) ^ 

A polyester obtained by mixing together 3 7 wt% of 
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Polyester A, 53 wt% of Polyester Band 10 wt% of Polyester C, 
as shown In Table 1, was melted and extruded through a T 

— dl'e-at a temperature of 280°C, and rapidly cooled down by 
using a chill roll to obtain an undrawn film- The undrawn, 
-fianrwiriarfiw^ a~drawlng 
facto r of 1.1 by using a multi-stage roll type vertical 

"drawer ( roll~temperature : ~a~0°C )\ ~Wd~therTdrawn witfi~a~te~n t er 
in the transverse direction at the film temperature of 73°C 
by a drawing factor of 3.9. The film was then subjected to 
a heat treatment at 82°C for 10 sec to obtain a heat 
ehrinkable polyester film -having a thickness of-45 \im. 

(Examples 2-4 and Comparative Examples 1-4) 

A heat ehrinkable polyester film having a thickness 
- of 4-5— |xm was obtained in a manner similar to that of Example 1 
excepftfiat d£5f «ei^^Iyester "^1^6~aird~dr^lli^conditions 
— were-used as shown-ln™ Table -1.- — - ■ 

The evaluation results for the respective films of 

Exai^res^l— 4~ahd — C^^ - 

gether in Table 1. 
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(Example 5) 

~ a polyester composition obtained by mixing together 
36 wt% of Polyester A, 49 wt% of Polyester B and 15 wt% of 
Poiyester~E, as shown in Table 2~, was melted and extruded 

— 5 tKr-ouigh-a-T-di-^-at-a-t'empexa-ture-of-2-a 

down b y using a chill roll to obtain an undrawn film. 



The undrawn film was pre-heated until the film 

temperature reached 80°C, after which the film was drawn with 
10 a tenter at a temperature of 65°c in the transverse direction 
by— a- drawing -factor of 4 . 0- to obtain a heat shrinkable 
polyeBter film having a thickness of 50 p. 

( Example 6 ) 

15 A polyester composition obtained by mixing together 

36 wt% ^F - Polye9ter^7~49"~wt% 0 f polyester B and 15 wt% of 

polyester E, ae shown in Table 2, was melted and extruded 

through a T die at a temperature of 280°C, and rapidly cooled 
down by usi ng a chill roll to obtain an undrawn film. 

The undrawn film was pre-heated until the film 
temperature reached 60 C C, after which the film was drawn with 
a tenter at a temperature of 70°C in the transverse direction 
by a drawing factor of 4.0 to obtain a heat shrinkable 
25 polyester film having a thickness of 50 |im. 

(Example 7) 

A polyester composition obtained by mixing together 
26 wt% of Polyester A, 54 wt% of Polyester B and 20 wt% of 
30 Polyester E, ae shown in Table 2, was melted and extruded 
' through a T die at a temperature of 28Q°C, and rapidly cooled 
down by using a chill roll to obtain an undrawn film* 
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The undrawn film was pre-heated until the film 
temperature reached 8Q°C, after which the film was drawn with 
a tenter at_a temperatur_e„of _65°C_in_the_transy_erse-direction 
by a drawing factor -of 4.0- to obtain a heat shrinkable 
5 polyester film-having a-thickne6S~o£^50^|xm. — 



(Example 8) ~ 

A polyester ^composition obtainedby. mixing, together 
26 wt% of Polyester A, 54 wt% of Polyester B and 20 wt% of 
10 Polyester E, as shown in Table 2, was melted and extruded 
through a T die at a temperature of 280-C, and rapidly cooled 
down by using a chill roll to obtain an undrawn film* 

The undrawn film was pre-heated until the film 
15 temperature reached ^ 0--C, af ter-whlGh-the-f-ilm-was-drawn with 
a t enter at a tempera £ulce~o~f ~7 0°C in'tSeTtransverse "direction 
by a drawing factor- of 4.0 to -obtain a heat shrinkable 
polyester film having a thickness of 50 \im. 

20 ( Comparative Example 5 )~ " 

A polyester composition obtained by mixing together 
26 wt% of Polyester A, 45 wt% of Polyester B, 24 wt% of 
Polyester C, and 5 wt% of Polyester" D ras shown in Table 2, 
was melted and extruded through a T die at a temperature 

2 5___q£ 280°C , and rapidly cooled down Jbyjusing a chill roll to 
obtain an undrawn film* 

The undrawn film was pre-heated until the film 
temperature reached 80°C , after which the film was drawn with 
30 a tenter at a temperature of 68°C in tlie traneverse direction 
by a drawing factor of 4.0 to obtain a heat shrinkable 
polyester fi-lm— having a thickness -of 50 jxm> 
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(Comparative Example 6) 

A polyeeter composltlon obtalned-by mixing together 

26-wt%-of— Polyester— A, -50 wt% of Polyestei^B and 24~wt% of 

Polyester C, as shown in table 2, was melted and extruded 
—5 t-hrough-a~T-di-e^a-t-a-tempe-rat-u-re-of- 280-GT-and-rapid-ly-oooled 

down by using a chill roll to obtain an undrawn filiru 

. _Tho undrawn film was pre-heated _untll the film 

temperature reached 8 0*0, after which the film was drawn with 
10 a tenter at a temperature of 65°C in the transverse direction 
by a drawing factor of 4.0 to obtain a heat shrlnkable 
polyester film having a thickness of 50 |xm. 

(Comparative Example 7) 
15 A polyester composition obtained by mixing together 

7™wt%~~of "Polyester A7"68~~wt%— of - Po*Iyestexf"B~en"d~25 wt% of 

Po.lyes.ter.jC. as shown in Table 2, was melted end^extruded 

through a T die at a temperature of 280 C C, and rapidly cooled 
down by using a chill roll to obtain an undrawn film. 

20 

The undrawn film was pre-heated until the film 
temperature reached 80 Q C, after which the film was drawn with 
a tenter at a temperature of 75 C C in the transverse direction 
by a drawing factor of 4.0 to obtain a heat shrinkable 
-25 polyester -fi-l-m— having— a— thi-okness-of -50 urn. 



The evaluation results for the respective films of 
Examples 5-8 and Comparative Examples 5-7 are shown to- 
gether in Table 2. 
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As.— Is apparent from Table 1, each of the heat 

shrinkable polyester . films ob t ained __ln Examples - 1 - 4 

exhibits a good shrunk finish property (no defects euch as 
insufficient shrinkage, crease, distortion are observed), 
a good solvent adhesiveness, a good shock resistance in the 
vibration test and a good shock resistance in the actual 
shipping test. 

Thus, the heat shrinkable polyester film of the 
present invention is a film having a high quality and a high 
practicability which is suitable as a multi-packaging label 
for cans and can be used under low temperatures. 

On the contrary, the heat shrinkable polyester films 
- obtained in Comparative Examples 1-4 exhibited a poor shock 
resistance. Thu s , each of the heat shrinV^,l A - polyeBter 
films of the comparative examples exhibited a poor quality 
and a poor practicability. 

As is apparent from Table 2, for each of the films 
obtained in Examples 5-6, the bonded portion (backllning 
portion) of the label produced from the film exhibited a 
high adhesive retention. Each of the films als</ exhibited 
a good shrunk finish property. The films obtained in 

Example s 5 -a exhibi ted a low film haze and a good 

transparency. Moreover, the films obtained in Examples 5-8 
exhibited a hot water shrinkage after a preform process of 
15% to 30% along the main shrinkage direction for a hot water 
process at 80°C for 5 sec. The labels of Examples 5-8 also 
exhibited a good shrunk finish property* 

The heat shrinkable polyester film of the present 
invention has a high quality and a high practicability, and 
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- - -is- particularly suitable- as -a- cap- sealing label. 

On the contrary, for each of- the heat shrlnkable _ 
fllms„ obtained. in_-.Comparative_ Examples 5-7 , the bonded 

5 portion (backlinin g portion) of the label produced from the 
film exhibited a poor adhesive retention. Moreover, the 

~T\ _Z"f Tim obtained in Comparative Example "^exhibited a high film 
haze end thus a poor transparency. Moreover, each of the 
films obtained in Comparative Examples 6 and 7 exhibited 
10 a high hot- water -shrinkage after a preform process , and a 
poor shrunk finish property. Thus, each of the heat 
shrlnkable polyester films obtained in Comparative Exam- 
ples 5-7 had a poor quality and a low practicability. 

15 ThIls ' ^Jj?"^^ Shrlnkable polyester film of the 

_present_invention- has — a— good shock -resistance- during 

shi ppi ng especially under low temperatures, with a good 
finish after shrinkage and a sufficient solvent 
adhesiveness • 

Therefore , the heat shrlnkable polyester film of the 
present Invention is suitable for use-in a multi-packaging 
label for packaging, inter alia, a stack of cans. 

.25 — ; „: The_ ...present — invention -also provides a heat 

shrlnkable polyester film suitable for use in a label, 
especially, a cap sealing label for a bottle container, or 
. the like. 

30 When the heat shrlnkable polyester film of the 

' present invention is used as a cap sealing label, the bonded 
portion (backlining portion) of the label has a high adhesive 
retention after shrinkage and has very little crease, 
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shrinkage non- unif ormity, distortion, .sr_.;j.umping-0.ccurring 
from a shrinkage process. Thus, the heat shrlnkable 
polyester film of the present invention Is very useful as 
a cap sealing label. 



Various other modifications will be apparent to and 
can. be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 



